Software industry is realized as one key opportunity for socio-economic development, especially for developing countries. Human Capital heavily plays a critical role in such knowledge-based sectors as software. This paper describes and analyzes the role of human capital in the development of Jordan software industry between 1980's and 2005. In doing so, different roles in software industry are identified, described and analyzed. The study suggests that the existence of some levels of professional, technical and ICT graduates, will not guarantee the development of the sector. Quality, proper utilization, collaboration and policy coherency of Human Capital is needed for software sector development. Moreover, we argue that challenges such as Diaspora can have a positive impact through technology transfer and entrepreneurship as the Indian case suggests.
Introduction
Software industry is seen as an opportunity for economic growth especially for developing countries (Nicholson and Sahay, 2008) . The successful case of India and Ireland provide sufficient evidence of software industry role as a major economic growth engine (Baraya et.al 2008) . The huge advancement in telecommunication technologies and internationalization of business process where key factors that leads to the globalization of software industry. Countries with low-cost qualified human capital, fine telecommunication infrastructure, and supporting national polices became the ones who benefited most of this globalization and thus had the impressive payback on exports and economic development (Jones 1994 , Heeks 1999 , Arora et.al 2001 . Software industry is not a "solo industry", but rather a vehicle for industrial development. In fact, software industry is more than just "another industry-it is a central intermediate good in the new digital economy" and its function became not less important than the role played by any other production factors (Athreye 2003) . As economies are turning to more knowledge-based industries, many products require embedded software and more competitive e-businesses will require more effective software (Hoch et al. 1999 ).
However, software industry is based intensively on Human Capital (HR) "more than any other high-tech Industry" (Arora and Bagde 2010) . In fact, the existence of skilled and professional human capital in software industry is widely acknowledged as the most important element in the success of the software industry (Lakha 1994 ). Yet, the presence of human capital does not guarantee the quality and many other factors are needed to trigger software industry development.
For a country with limited resources (expect for human capital), Jordan had allocated notable effort to join the software industry exporters club. Although Jordan has realized a notable advancement in key factors supporting software industry development such as education, intellectual property rights (IPR) and telecommunication infrastructure, software industry outputs as are still relatively small. The slow and modest growth of software revenues and exports represent a huge challenge for a country that seeks to replicate the experience of key software exporters and raise the overall software industry contribution to the GDP.
This research seeks to investigate and differentiate roles of human capital in building and developing the software industry on the national level. In doing so, we aim to highlight the following research problems: human capital and human capital management in software industry and investigated the different roles of human resources in software development. In fact, weak supply and high-costs of human capital may have serious implications on the success of software industry (Arora et.al 2005 , Kapur 2001 ).
Thus, it was no wonder that software development became global and distributed industry that seeks low cost skilled human and sufficient in any country (Prikladnicki et.al 2003) . Consequently, Kapur and McHale (2003) highlighted the advantages of human capital mobility in software industry development and the role of international human capital in the development of software industry. Human capital had always attracted transnational corporations (TNC) investment in software industry which later leads to a positive effect on triggering externalities (spillovers) on local community.
However, competitiveness of high-tech industries such as software industry need more than the existence of large pool of human capital, other factors such as local policy, internationalization and technology infrastructure define the development these industries (Lall, 1992) . Different models were studied thought-out the literature that investigated the relation between these factors, human capital and software industry. For instance, Heeks and Nicholson (2002) defined five usable success dimensions for software industry namely; 1) Demand, 2) National vision and strategy, 3) International linkages, 4) Software industry characteristics, 5) Domestic input factors and infrastructure (include human capital, telecommunications technology, and access to finance). Another comprehensive work by Carmel (2003) compared and analyzed a number of models and stressed the importance of human capital in most of them. A recent work by Minetaki and Takemurathat (2010) examine the software productivity in Japan through labor (programmer and system engineer, clerk, manager and non-technical staff) and capital stock (equipment, structure and software) and expressed the critical role of human capital.
In summary, all models used to explain the software industry growth agreed on the critical role of human capital in explaining the development and growth of software industry (Liu (2004) , Silvia et al. (2006) , Commander et al. (2004 a, b) , Arora & Bagde (2006) , Barr and Tessler (1999) , Khadria(2004) ).
Theoretical Research Framework
Since physical capital and human capital have been identified as the two key components of economic development analysis (Lucas 1988) and while software industry is first and foremost a human capital industry, this study analyzes the role of human capital in software industry. In doing so, following five roles were drawn from the literature and will be investigated and described: 1). Professionals and technical HR: Engineers, programmers web developers and many other technical Human capital is a primary human capital in software industry (Arora et, al 2005) . Number of employees in software companies, IT work-force, the level of professional's education, and improvements in total revenues of software sector are good indicators of this role.
2). Entrepreneurs: entrepreneurship was definitely acknowledged by scholars (Hausmann and Rodrik 2002) as a key role for software industry success. Investigating number of new venture and observing the growth of these numbers in successive periods will give an indicator of entrepreneur's role in software industry.
3). Academia HR: As software industry grows, demand for software degrees also grows (Arora and Bagde 2006) . Liu (2004) in his study on technology policy and human resource in Chinese software industry found that poor education and training systems is one of the major factors for the weakness of Chinese software industry. Indicators such as student's enrollment in Software related studies, numbers of IT graduates, the percent of staff to students, quality of graduates and relationship between academia and staff will capture provides a good evidence on this role in software industry development.
4). Research and Development (R&D) HR:
The software industry is a knowledge intensive industries where R&D investment, patent, human capital and networking is vital (Minetaki & Takemura 2010 , Balakrishnan 2006 . Thus number of researchers, the quantity of researchers involved in software R&D, and patents are used to capture this role. 5). Diaspora: Diaspora played significant role in software industry development in Ireland, India and Israel (Kapur and McHale 2003, Arora et.al 2005) . Heeks and Nicholson (2002) explained how the Diaspora harnessed the network and linkages between their own national industry and international parties in these countries. As well Liu (2004) addressed the important role of oversea Chinese as a source of human capital in software industry. In addition Commander et al. (2004 b) sees that "in many instances migration has been viewed as positive effect for the firm and the industry more generally". Here we investigate the role played by this Diaspora in weakening the software sector development or strengthen it by building ties and directing software investments to their original countries. Due to the unavailability of data for such investigation "Stock of emigrants by destination and by educational attainment "provided by Docquier and Marfouk (2005) can give an indicator for quantity of brain drain in such cases. In addition "Workers' remittances, compensation of employees, and migrant transfers (US$ million)" provided by "Global Economic Prospects 2006" can be used as another indicator in such case.
Methodology
This research is a descriptive qualitative research that uses case study methodology. The choice to use qualitative research can be attributed to tow key reason. First, case study methodology is appropriate when tackling a non technical research issues (Creswell, 1998) such as this work. Second, the fundamental socio-economic complexity of the research makes it more sufficient to use. Finally, the absence of adequate country-level statistical data makes the quantitative research very difficult to undertake. This research uses Jordan as a single case analysis as it represents an interesting case that symbolizes many less developed countries seeking catch up and transition to knowledge economy.
Using literature review, theoretical models, publically available data, and 14 unstructured industry interviews, we describe and analyze the different roles of human capital in software industry development while trying to profile both quantity and quality of human capital in Jordanian software industry. Finally, in the scope of this research, software represents all information goods and service that include system and application programming services, web development, hardware and telecom software development, outsourcing and consultancy. Thus, this work tried to extract and exclude hardware and communication related information.
Human Capital in Software Industry: The Jordanian Case
The software sector in Jordan is relatively a new emerging sector. In fact the real launch and empowerment to this sector started after king Abdullah II became in power in 1999. According to The Information Technology Association of Jordan int@j (2003) the main Jordanian software development areas are banking software services and packages, accounting packages, web-based applications, Arabization, system integration, health systems and insurance software packages.
Professionals and Technical Human Capital
In 1980's software industry in Jordan was infant. Number of professionals and technical in software industry were small and weak software industry. According to Elian (1999) estimation and judgment the overall industry was employing around 139 persons. By 1998 the number of software industry employees was doubled to reach 278 people with a gross output of nearly 22 million dollars (UESCWA 2003) . This was also reported by REACH 1.0 (1999) where they estimated that both software and hardware industry employs 1250, of which 27% are in software services which matches the results of 1998. Information technology association of Jordan reported that in 2003, revenues form the IT sector (excluding telecommunications services) where 296m US$, of which some US$70m was export earnings (generated mainly from Arab countries) with an employment of 3,500 people (Global technology forum). Even though, when referencing to int@j survey in 2004 and excluding hardware sector we can say that the total revenue of software industry will average in 112 million dollars.
46.9% of the professional human capital working in Jordanian software firms has at least bachelor degree (Elian 1999 ). This argument is consistent with REACH 1.0(1999) in which they analyzed the skills of professionals available in Jordanian market and found that 2 out 10 employees are very highly skilled, 2 medium high, and 4 medium and 2 as low medium skilled.
Entrepreneurs Human Capital
In fact there is no exact number on startups in the 80's although Elian (1999) in his study entitled "computer hardware and software business in Jordan "stated that most of the firms where established since the mid 1986 and particularly in 1992 and thereafter. In his study he reported that there exist 57 hardware and software companies in 1988. Assuming one third of them is in software industry (based on the percent of software firms from total ICT industry in 1998, and Elian (1999) statement that 30% of companies activities where in writing programs) we estimate in average there were 19-20 startups in the software sector in that period. Actually this situation remained till the end of the 1990's, since then the number of startups grows dramatically to become 33 firms in 1998 from a total of 79 ICT firms, then to triple in 1999 to become 82 firms. This growth in startups was the result of Jordan government focus on providing the proper institutional environment for entrepreneurship in software industry drive by international programs such as, YEA (The Young Entrepreneurs Association established in 1998), NAFES (National Fund for Enterprise Support) and AMIR(Achievement of Market-Friendly Initiatives and Results) program in cooperation with USAID. Although, these programs where not dedicated for software sector development, they have supported the overall entrepreneurship spirit, provide funding sources for startups and encouraged service sector development. However, these efforts were scattered, unorganized on national level and has not resulted in building a one unique, successful and competitive cluster, in software or other industry.
Academia Human Capital
According to Abuashaikh (1996) in 1994/1995, 650 students were enrolled in computer science programs in 17 public collages (two-year community colleges) and 74 in private collages. In addition there was 559 studying abroad of which 74 are in master and PhD programs. Enrollment in universities (public and private) was near 6000 students. (This is by assuming only 10% of them are in computer and IT related as same as the percent in that appears in collages, this also supported by the department of statistics as reported by (int@j 2003)). The enrollment and graduates number of IT and software related studies counties to grow in the 1990's. Table 4 shows the Distribution of Students at Jordanian Universities in Computer Science Related Fields in 1997 / 1998. By 1999, total Annual Graduates in IT-Related studies were 2,307 graduates and enrollment reached 8,000 at university level and 5,300 at two-year community colleges (REACH 1.0, 1999).
In 2001 total graduates from these undersides was more than 1600 in different degrees (BS, MS, PhD) while an enrolment in IT related fields exceeded 10,000 students in all degrees (Please see: www.ict.gov.jo). Since 2004, academia output reached almost 4,000 yearly IT and software-related graduates (int@j 2003) . This is also supported by ministry of labor data which report that total number of IT and Mathematics department's graduates from universities was about 9.5% (about 3280).
IT faculty staff ratio was poor during the last decade. In 2001 there were 250 university instructors in IT and software-related studies with only 50% of them holding a PhD degree.
However, a recent work by Elshuraydeh et al. (2006) based on annual statistical report (Ministry of Higher Education & Scientific Research) 2005 showed that the computer and mathematic staff in Jordan universities reached 715 representing 12.6 % of all academic staff. The percentage of PhD also grows slowly to ready 58%. However, the overall enrolment of students in IT and software-related studies reached 22228 students counting for 12.5 of all student enrollments.
A notable gap between industry needs and the graduate's skill can be easily noted in Jordan. This can be attributed to both mismatch between the academic curricula and technological advancements (Peppers & Rogers Group. 2006) , as well as the low ration of PhD. holders within IT instructors and the low ratio of academic staff to students is which was around 1:31 according to MoHE(2005) . Table 5 shows the faculty to student ration in selected Jordanian public universities.
Research and Development (R&D) Human Capital
In general term, R&D human capital in software industry is very limited. Universities, big software companies and some R&D centers in HCST (Higher Council of Science and Technology) and RSS (Royal Scientific Society) are key stakeholders of R&D capital. In 2001 50% of the university staff in IT where involved in R&D activities in 30 labs inside universities and 6 outside (See www.ict.gov.jo ). iPARK the technology incubators initiated by the Higher Council for Science and Technology in 2003, to help entrepreneurs and start-ups in developing technology applications and start their business is one key R&D center for software in Jordan ((UESCWA 2005).
According to Elshuraydeh et al.( 2006 ) and based on annual statistical report of higher education in Jordan 2003/2004 , a total of 2122 researchers representing 13% out of 15799 researchers in public and private sector acquired their degree in computer or mathematics. 977 of them are in public sector and 1145 in private sector. Even if we assume that all of these are involved in software research, represent how poor is still the number of HR in software research.
On the other side, R&D expenditure in Jordan is still very weak in all industries up-to-date. Both, public sector expenditure on R&D in 2010 were about 13,260,000 Euros (58% of GERD) in compared to around 8,308,000 Euros (36% of GERD) by the private sector (Erawatch 2010) . Following figure (2) shows a comparison between Jordan and selected Arab and regional countries in GERD. Moreover, as we can see from the indicators presented in table 6, the overall current status of R&D is still very challenging in Jordan.
Diaspora
Diaspora have played key role in the development of India, Israel and Ireland software industry (Arora et.al 2006) . Although Jordanian Diaspora has always been acknowledged as a key source of remittance, there is no studies that discuss the role of Diaspora in the development of software industry. The total number of Jordanian Diaspora to all countries where 48003 in 1990 of which 41% are reported as high skilled, resulting in 499 million dollars of remittance (Defoort& Marfouk 2005) and double in 2000 reaching 72324 Diaspora 52% of them are highly skilled with 1,845 million dollars of remittance. This number of Diaspora is increasing sharply specially for skilled workers in Jordan within the last few years. In fact, REACH 1.0 (1999) indicates that Jordan is considered a major supplier of brainpower throughout the MENA region. int@j (2003) have acknowledged the rising importance role of Diaspora and state that: "Many Jordanians that immigrated to other countries hold powerful positions within their organizations and social statues, and are in position to generate a significant amount of "deal flows" to Jordan. In addition to generating "deal flows", influential Jordanians residing abroad are able to encourage foreign investors to consider Jordan as a destination for their ambitions. To capitalize on such individuals, int@j will develop a "Jordanian Ambassadors' Program", that is designed to equip influential Jordanians residing abroad with the necessary knowledge and support needed to effectively represent their country amongst their peers. This program includes continues updated information about Jordan's accomplishments, statistics, promotional material, and as many "tools" as possible to support Jordan's reputation and cause abroad".
However, we couldn't find information regarding such efforts or activities. In summary, we believe that Diaspora role have to be investigated and profiled specially for high-tech and software industry.
Analysis and Policy Implications: The role of Human Capital in Software Industry
Since 1999 software industry has witnessed some notable progress and enjoyed an exceptional support by H.M King Abdullah the Second, however software industry is still characterized by modest exports, weak progress rate, and distorted progress. Although the 1999 REACH strategic plan was unique in the region and represented a chance to achieve the development of the Jordanian software industry, after 5 years REACH 4. could not report more than 8 goals achievement from the initial plan of 51 goals to support software industry. The extremely unrealistic planning, lack of measurements, evaluation techniques, and monitoring tools has contributed this disappointment.
After reviewing the human capital profile in Jordan, we believe that Jordan software industry is promising, but not exploited. Jordanian Human capital requires marketing, utilization and development. For instance, the number of professional and technicals in software industry is growing but require training, incentives and access to other markets. Entrepreneurs should become priority in Jordan. This require a set of action to support them by providing them with financial support, tax incentives, less startups procedures, and new commercialization tools for their ideas, service and product.
The academia output of human capital in the last few years showed an excessive output and enrollment, which need to planned and managed for developing the industry. Academia output of human capital in software industry need to be adjusted for more quality than quantity. This requires new curriculum, advanced software development systems (tools), and more private-academic ties. R&D human capital needs to be supported, technology transfer has to be enabled, linkages with global software R&D centers must be supported, and IPR laws have to be updated and enforced. Finally Diaspora has proved (in the Indian case) to be a major asset for developing the software industry. In Jordan case, Diaspora role need to be encouraged and motivated to promote software industry.
In summary, we see that Jordan has modest levels of human capital in Jordanian software sector (both quality and quantity), yet we believe that this human capital is under-utilized. Both public sector and private sector have to support and trigger this asset.
Conclusion
In this study we documented and analyzed the role of human capital in Jordan software industry development. We described five roles of human capital namely; professional and technical, academia, Entrepreneurs, R&D, and Diaspora HR. We found modest levels of quality and quantity of human capital in these roles. Thus utilization and development of human capital should become a priority for both public policy maker and private sector leaders to trigger the software industry development.
Finally, future work will focus on investigating other aspects and conducting an empirical analysis to support and profile the best composition of human capital in software industry. Table 6 . Selected R&F indicators-Jordan. Source: (WEF-GITR 2010).
WEF-GITR. (2010

Factor Rank
Company spending on R&D 108
University-industry collaboration in R&D 68
Prevalence of foreign technology licensing 28
Firm-level technology absorption 24
Capacity for innovation 74
Quality of scientific research institutions 70
Property rights 24 
